Twenty-five patients with severe, chronic obshctive airway disease had standard 12-lead eland bngterm el -phi c monitoring performed while they were in a stable condition. ardiac arrhythmias have been reported in association with chronic pulmonary disease, but in the reports demonstrating this association the patients' arterial blood gas levels and ventilatory function have not been presented in detail, and the relationships of the electrocardiographic findings to acute illness have not always been clear.'-' Moreover, these studies have used only 12-lead electrocardiograms to observe heart rhythm. The present study extends previous reports by comparing the spirometric and blood gas data to heart rhythm in ambulatory patients with severe, chronic airway obstruction. To improve the detection of arrhythmias, longterm electrocardiographic tracings were recorded with a tape recording system. Twenty-five consecutive patients (ages 41 to 74 years, mean age 58) with clinical and spirometric evidence of chronic obstructive pulmonary disease were studied. Every patient was ambulatory. No patient had either hypertension or a history of myocardial infarction or angina pectoris. Most of the patients were studied during hospitalization, but at a *From the Departments of Medicine, Washin on Uni- nary disease and the patients with heart disesme showed similPrity in the frequency and types of ventricuhu amhythh, bat nSrW dhddmma were more common in the patients with polmoaary diuordem time when they were clinically stable and following their usual outpatient regimen. Only three patients were receiving digitalis. The principal bronchodilator used by the patients was theophylline, total dose 600-1,000 mg per day. Only four patients were receiving ephedrine. 100 mg per day. None received bronchodilator by aerosol.
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The purpose of the study was explained to each patient and formal consent was obtained. A standard 12-lead elec trocardiogram was taken. An arterial blood sample was collected for analysis of oxygen tension (Poz), arterial carbon dioxide tension ( P a ) and pH (pH-blood gas analyzer 313, Instrumentation Laboratory, Inc. The standard electrocardiograms were analyzed both for the presence of arrhythmias and morphologic evidence of right ventricular hypertrophy (RVH) and or chronic pulmonary disease. A diagnosis of RVH was made by the criteria of right axis deviation and R/S ratios in lead V1 of greater than one. Records considered compatible with chronic airway obstruction included those with right atrial hypertrophy, marked clockwise rotation and poor r wave progression a m the precordium, incomplete right bundle branch block with vertical, right or indeterminate axis, and low limb lead voltage with one or more of the previously mentioned criteria
The electrocardiographic recordings were scanned visually for the presence of arrhythmias (model 650 E l e c t r h scanner, Avionics). To simplify and classify the types of arrhythmias and to facilitate correlations of arrhythmias with the severity and type of pulmonary disease, both ventricular and atrial a r r h e i a s were categorized. A categmy K6 was assigned for multifocal atrial tachycardia. Longterm electrocardiographic recordings, either 10 or 24 hours, were obtained from a group of 51 nonsmoking normal subjects, aged 35 to 65 years, free from coronary risk factors, and from 141 patients with recent acute myocardial infarction ( 1-12 months after infarction). These tapes were graded according to the L and K classifications and compared with those obtained from the patients with pulmonary disease.
Six of the 25 patients in the pulmonary study groups were women. The spirometric and blood gas data are summarized in Table 1 . The mean FEVI was 787 ml and the mean MMF was 0.4 literslsec.
The mean arterial Poz was 60 mm Hg, with the mean arterial Pcoz 45 mm Hg. The lowest arterial oxygen tension was 46 mm Hg, and the highest arterial carbon dioxide tension was 62 mm Hg. The arterial pH values were between 7.33 and 7.50.
The standard 12-lead electrocardiograms demonstrated a high incidence of morphologic abnormalities, but only five patients had arrhythmias (Table  2) . These findings contrasted sharply with the results of Holter monitoring (Table 3) , which detected arrhythmias in 21 of the 25 patients (84 Fig 1 ) . Three of these patients demonstrated ventricular tachycardia by monitoring, and two had either paroxysmal atrial tachycardia or atrial fibrillation. Figure 2 illustrates portions of the monitor records in one representative patient in whom the standard electrocardiogram revealed no evidence of arrhythmias. This patient demonstrates clearly that patients without rhythm disturbances on the normal standard electrocardiogram may have high grades of alrhythrmas recorded by Holter monitoring.
The distribution of K and L numbers of the 25 patients is shown in Table 5 . Nine patients had K values of 3 or above and 15 patients had L values of 3 or above. To relate the occurrence of atrial arrhythmias to ventricular arrhythmias, the patients were sorted into K and L categories of grades 0 to 2 and 3 to 5 (Table 6 ). Of the 16 patients whose atrial arrhythmias were in the K O to 2 range, 9 had ventricular arrhythmias in the range LO to 2, and 7 had ventricular arrhythmias, grade L3 or higher. Of the nine patients with K grades 3 to 5, eight had L grades in the 3 to 5 range. Thus, almost every patient with a high grade of atrial arrhythmia also had a high-grade ventricular arrhythmia. In contrast, highgrade ventricular arrhythmias were associated with either high or low-grade atrial arrhythmias. In ten patients with low-grade ventricular arrhythmias, the groups (Table 7) . Severity in reduction of airhowever, a high-grade atrial arrhythmia was seen flow, moreover, did not relate to the grade of aronly once.
rhythmias. In contrast, among the 13 patients with When the patients were divided according to ar-MMF values 0.3 literslsec or less, the mean K and L rhythmia score into four groups, LO-2, L3-5, KO-2 grades were 0.6 and 1.7, respectively, compared to and K3-5, there were no significant (P>0.05) 1.5 and 2.4 for the entire series. However, in five of differences between the ages or blood gas values for the six patients with either L5 or K5 or both L5 and 
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. The incidence and character of ventricular arrhythmias in the patients with pulmonary disease closely resemble the findings in patients recovered from myocardial infarction ( Table 8 ) . With regard to atrial arrhythmias, however, the patients with pulmonary disease demonstrated a greater occurrence than the patients who had had myocardial infarction, since fewer than 12 percent of the patients with heart disease had K grades greater than zero. Both patient groups differed sharply from normal volunteers in whom the distribution of ventricular arrhythmias was LO-55 percent, Ll-22 percent, L2-10 percent, L.3-10 percent, IA-2 percent and W-2 percent, and the distribution of atrial arrhythmias was KO-82 percent, K1-8 percent, K2-0 percent, K3-2 percent, K4-2 percent and K5-6 percent.
LONGTERM ECG MONITORING OF AMBULATORY PATIENTS 485
Corazza and Pastor1 drew attention to arrhythmias in chronic pulmonary disease. They reported arrhythmias in 31 percent of hospitalized patients with chronic cor pulmonale and noted that acute respiratory decompensation was often an associated factor. Other a u t h~r s~-~ have confirmed these findings. Reports of the incidence of arrhythmias in hospitalized patients with chronic pulmonary disease quote rates from 7 to 47 percent, with the highest rates in acutely ill patients. A variety of The present study indicates that atrial and ventricular arrhythmias are common in severe obstructive lung disease during periods of stability and are present even when arrhythmias are not evident by standard electrocardiogram. Thus, longterm monitoring led to an over 80 percent incidence of arrhythmia compared to only 20 percent with routine electrocardiograms. This high incidence of arrhythmia resembles that seen in monitored patients recovered from myocardial infarction and far exceeded the arrhythmia incidence in monitored healthy volunteers. The finding that monitoring greatly increased the detection of arrhythmia is not surprising in view of the opportunity for patient activity and the prolonged sampling. The enhanced sensitivity of monitoring has been amply demonstrated in ambulatory patients with cardiac disord e r~.~ Although the routine electrocardiogram underestimated the occurrence of arrhythmia, the findings on standard lalead electrocardiogram did relate to the arrhythmias on monitoring in two ways. First, patients whose standard electrocardiogram showed any ectopic activity had severe arrhythmias by monitoring and second, ventricular arrhythmias of high grade were more common if the standard electrocardiogram indicated right ventricular hypertrophy or was compatible with pulmonary disease.
In contrast to most previous studies, in this series ventricular arrhythmias were more common than atrial. The basis for this difference is not clear. The most common ventricular arrhythmia noted was multifocal ventricular premature contractions; however, there were three cases of ventricular tachycardia. It is noteworthy that the high-category atrial arrhythmias were almost invariably associated with high-grade ventricular arrhythmias but the converse was not true.
These data should be interpreted with caution because of the small number of patients studied. Moreover, the control population was not matched precisely for age and was monitored while fully ambulatory outside of the hospital and was not receiving bronchodilators. It is possible that a control population composed of older, hospitalized volunteers free of heart and lung disease would show a higher incidence of arrhythmia than the control subjects who were studied. Nevertheless, the fact that the ventricular arrhythmias in the patients with pulmonary disease resembled, both in frequency and severity, the arrhythmias observed in patients of comparable age after myocardial infarction supports the finding that arrhythmias do occur more often in patients with severe chronic airway obstruction than in normal persons. Another constraint on the conclusions from these data is that the scoring of all arrhythmias other than simple unifocal ectopic beats (that is, grades 1 or 2 ) was not quantitative. Patients were assigned the atrial or ventricular arrhythmia grades, K3 through 6 or L3 through 5 whether their ectopic activity occurred only once briefly, or was repetitive and prolonged. Thus, patients with similar arrhythmia grades may differ sharply with regard to the amount of arrhythmia. Further studies should use computer techniques to quantitate the records.
The mechanism of arrhythmia in chronic pulmonary disease is not known, but it is probably diverse and multifactorial including hypoxemia, acidosis, digitalis, bronchodilator therapy and electrolyte imbalance.l0 Presence of both atrial and ventricular arrhythmias in patients with chronic cor pulmonale has often been attributed to the use of digitalis.
unlikely, since the rhythms were generally not of the severity or persistence of those described by either Thomas and Valabhji2 or by Hudson et aI7 in which mortality reached as high as 70 percent in patients with severe ventricular arrhythmias. However, in patients with pulmonary findings similar to those recorded here, Burrows and Earle18 reported that of 109 deaths, 11 were sudden with the mechanism uncertain. Longtexm followup studies matching survival curves and arrhythmia categorization may well disclose prognostic significance of arrhythmias detected by monitoring in patients with chronic pulmonary disease.
The application of monitoring to patients with stable, chronic obstructive lung disease seems important for at least two reasons: first, as increasing numbers of patients with severe chronic respiratory disease are monitored during acute exacerbations of respiratory failure, knowledge of the types of arrhythmias in such patients during quiescent periods is important information in the prognostic and therapeutic implications of the arrhythmias seen during acute illness; second, since the results of monitoring patients during controlled stress, such as treadmill testing, influence decisions about using regular exercise, longtenn monitoring is helpful in better delineating the underlying rhythm. dose of acetylstrophanthidin is sigdcantly reduced by hypoxia in dogs. In the present series digitalis was not an important factor in the production of arrhythmias, since only three patients were receiving digitalis, and their serum digoxin levels were within the accepted therapeutic range. Neither electrolyte factors nor acidosis appeared to be involved. The importance of theophylline, the most common bronchodilator used, was not evaluated by comparing the effects of varying dosages in the same patients, so that the role of this drug is unsettled. When the patients were sorted into general grades of arrhythmias, even patient ages and blood gas values did not relate to arrhythmia grade; however, the severe arrhythmias did occur in patients with severe hypoxemia.
The clinical importance of the arrhythmias detected by monitoring patients with stable, severe chronic obstructive pulmonary disease is not defined by this study. Studies of arrhythmias in pulmonary disease indicate a very high mortality, but the likelihood that the rhythms detected by monitoring ambulatory patients imply as grave a prognosis seems
